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A new theoretical framework, based on the quantum field theory of open systems applied to
neutrinos, has been developed to describe the neutrino evolution in external environments accounting
for the effect of the neutrino quantum decoherence. The developed new approach enables one to
obtain the explicit expressions of the decoherence and relaxation parameters that account for a
particular process, in which the neutrino participates, and also for the characteristics of an external
environment and of the neutrino itself, including the neutrino energy. We have used this approach
to consider a new mechanism of the neutrino quantum decoherence engendered by the neutrino
radiative decay to photons and dark photons in an astrophysical environment. The importance of
the performed studies is highlighted by the prospects of the forthcoming new large volume neutrino
detectors that will provide new frontier in high-statistics measurements of neutrino fluxes from
supernovae.
I. INTRODUCTION
Half a century ago Gribov and Pontecorvo derived [1]
the first analytical expression for the neutrino oscillation
probability that has opened a new era in the theoreti-
cal and experimental studies of the neutrino oscillation
phenomenon. The neutrino oscillation patterns can be
modified by neutrino interactions with external environ-
ments including electromagnetic fields that can influence
on neutrinos in the case neutrinos have nonzero electro-
magnetic properties [2]. The phenomenon of neutrino
oscillations can proceed only in the case of the coher-
ent superposition of neutrino mass states. An external
environment can modify a neutrino evolution in a way
that conditions for the coherent superposition of neutrino
mass states are violated. Such a violation is called quan-
tum decoherence of neutrino states and leads to the sup-
pression of flavor neutrino oscillations. It should be noted
that the quantum neutrino decoherence differs from the
standard neutrino decoherence that appears due to sep-
aration of neutrino wave packets, the effect that is not
considered below.
The quantum neutrino decoherence has attracted a
growing interest during the last 15 years. Within reason-
able amount of the performed studies the method based
on the Lindblad master equation [3, 4] for describing neu-
trino evolution has been used. This approach is usually
considered as the most general one that gives a possibility
to study neutrino quantum decoherence as a consequence
of standard and nonstandard interactions of a neutrino
system with an external environments [5–15].
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The Lindblad master equation can be written in the
following form (see, for instance, [13])
∂ρν(t)
∂t
= −i [HS , ρν(t)] +D [ρν ] , (1)
where ρν is the density matrix that describes the neu-
trino evolution, HS is the Hamiltonian and the dissipa-
tion term (or dissipator) is given by
D [ρν(t)] =
1
2
N2−1∑
k=1
[
Vk, ρνV
†
k
]
+
[
Vkρν , V
†
k
]
, (2)
where Vk are dissipative operators that arises from inter-
action between the neutrino system and the external en-
vironment, these operators act only on the N-dimensional
ρν space.
For two-neutrino approximation operators Vk can be
expanded by Pauli matrices O = aµσµ, where σµ are
composed by an identity matrix and the Pauli matrices.
In this case the equation (1) can be written as
∂ρk(t)
∂t
σk = 2ijkHiρj(t)σk +Dklρl(t)σk, (3)
where
Dll = −diag{Γ1,Γ1,Γ2}, (4)
and Γ1 and Γ2 are the parameters that describe two dis-
sipative effects: 1) the decoherence effect, and 2) the
relaxation effect, respectively. In the case of the energy
conservation in the neutrino system there is an additional
requirement on a dissipative operators [11],
[HS , Vk] = 0. (5)
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2In this case the relaxation parameter is equal to zero
Γ2 = 0.
In the approach that uses the Lindblad master equa-
tion the quantum decoherence is described by the free
dissipative parameters (decoherence parameter Γ1 and
relaxation parameter Γ2) that can be constrained (or de-
termined) by the experimental data on neutrino fluxes.
Currently the long-baseline neutrino experiments provide
constraints on the order of Γ1 ∼ 10−24 GeV [16] on the
decoherence parameter .
There are peculiar limitations in implementation of the
Lindblad approach to description of the neutrino quan-
tum decoherence. This is because within this approach it
is not possible to calculate the energy dependence of the
decoherence and relaxation parameters. On the contrary,
the energy dependence is fixed ad hoc, at the same time
the obtained constraints on the parameters are neutrino
energy dependent. An interesting and detailed recent
discussion of this issue and the corresponding references
to the existed related studies can be found in [14].
It should be noted that at present there is no gen-
eral theoretical approach to description of the neutrino
quantum decoherence phenomenon that might be used
in the derivation of the explicit expressions for the deco-
herence and relaxation parameters (4) accounting for a
concrete type of the neutrino interaction with the envi-
ronment. Probably, the only exception are provided in
[17, 18] where the quantum decoherence is calculated as
a consequence of the neutrino interaction with the mat-
ter fluctuations. However, the developed approach is not
general and it can not be used in the case of other neu-
trino decoherence mechanisms.
In this paper, we propose and develop a new theo-
retical framework, based on the quantum field theory of
open systems [19], for the neutrino evolution in an ex-
ternal environment. Here below we implement the pro-
posed approach to the consideration of a new mechanism
of the neutrino quantum decoherence that appears due
to neutrino radiative decay in the thermal background
of electrons and photons. Within our approach we have
obtained the explicit expressions of the decoherence and
relaxation parameters as functions of the characteristics
of an external environment and also of the neutrino en-
ergy. We also apply the developed approach to the study
a possible influence of dark photons on the neutrino quan-
tum decoherence.
Note that the influence of the neutrino radiative decay,
as well as the neutrino interaction with dark photons, on
the neutrino oscillation phenomenon and the correspond-
ing contributions to the neutrino quantum decoherence
are considered for the first time. The developed the-
oretical framework provides a general basis for the de-
tailed description of the neutrino quantum decoherence
due to different neutrino interactions with external envi-
ronments.
FIG. 1. Feynman diagrams of neutrino radiative decay in
matter (see, for instance, [2]).
II. NEUTRINO QUANTUM DECOHERENCE
ENGENDERED BY NEUTRINO RADIATIVE
DECAY
For description of the neutrino decoherence we use the
formalism of quantum electrodynamics of open systems
which was used in [19] for evolution of electrons. We
start with the quantum Liouville equation for the den-
sity matrix of a system composed of neutrinos and an
electromagnetic field
∂
∂t
ρ = −i
∫
d3x [H(x), ρ] , (6)
where
H(x) = Hν(x) +Hint(x) (7)
is the Hamiltonian density of the system in the interac-
tion picture. Hν(x) is the Hamiltonian density of the neu-
trino system and Hint(x) describes interaction between
neutrino and the electromagnetic field
Hint(x) = jα(x)A
α(x), (8)
where jα(x) is the current density of neutrino and Aα is
the electromagnetic field.
Here below within our new approach we propose and
study a new mechanism of the quantum decoherence that
appears due to the neutrino radiative decay (see Fig.1).
In this case the current density can be expressed in the
following form [20]
jα(x) = νi(x)Γανj(x), (9)
where νi(x) is the neutrino field with mass mi (i, j =
1, 2, 3, 4). Here below, we also include eV sterile neutrino
state ν4 into the consideration. The oscillation parame-
ters for a sterile neutrino we take from [21].
In [20] the radiative decay is considered between vac-
uum neutrino mass states that are not stationary in the
3electron media. In our studies we are working within the
formalism that we have used for the quantum theory of
the spin light of neutrino [22–24] where transitions occur
between the neutrino stationary states in matter.
In (9) Γα is an effective electromagnetic vertex
Γα = U
∗
eiUejταβγ
βL, (10)
where U is the lepton mixing matrix and L = 12 (1−γ5) is
the projection operator for the left-handed fermions. It
is supposed that the four-velocity of the center of mass
of the electron background is at rest. In the case of a
nonrelativistic (NR) background ταβ can be expressed as
[20]
τNRαβ = τ
NRPαβ = −
√
2
eGFne
me
Pαβ . (11)
The tensor
Pαβ = δαβ − kαkβ|~k|2
(12)
is a projector onto the transverse component in k-space,
e, me and ne are the charge and mass of an electron and
the medium number density, respectively.
In the extreme relativistic (ER) case, when the tem-
perature of the background electrons T  me, one gets
τERαβ = τ
ERPαβ = −eGFT
2
2
√
2
Pαβ . (13)
The corresponding expression for the degenerate electron
gas of neutron stars reads
τDegαβ = τ
DegPαβ = −
√
2eGF
4
(
3ne
pi
)2/3
Pαβ . (14)
Using the exact free neutrino mass states spinors
νi = Ci
√
Ei +mi
2Ei
(
ui
σpi
Ei+mi
ui
)
eipix, (15)
where ui are the two component spinors, we express the
current density (9) in the form
j3 = 2U
∗
eiU
∗
ejτ
(
0 1
1 0
)
, (16)
where for different cases τ stands for τER, τNR or τDeg.
Here we use the analogous calculations to those per-
formed in [25, 26].
Note that only the third component of the current is
responsible for the neutrino decay. It is convenient to
decompose the current (16) on the eigenoperators of the
neutrino Hamiltonian
j± = 2U∗eiU
∗
ejτσ±, (17)
where
σ+ =
(
0 1
0 0
)
, σ− =
(
0 0
1 0
)
. (18)
It should be mentioned that the dissipative operators j+
and j− in (17) do not commute with the Hamiltonian of
the neutrino system, which means that there is the energy
dissipation in the neutrino system due to the emission of
a photon.
The equation (6) can be formally solved (integrated).
Since we are not interested in the evolution of the electro-
magnetic field F , its degrees of freedom should be traced
out
ρν(tf ) = trF
(
Texp
[∫ tf
ti
d4x [H(x), ρ(ti)]
])
, (19)
where ρν(t) = trF ρ(t) is the density matrix which de-
scribes the evolution of the neutrino system. Note that
the trace makes the equation irreversible that leads to
appearance of the dissipative terms.
We rewrite equation (19) using the decomposition of
the chronological time-ordering operator T into time-
ordering operator for a matter current T j and for elec-
tromagnetic fields TA as T = T jTA
ρν(tf ) = T
j
(
exp
[∫ tf
ti
d4x [Hρ(x), ρ(ti)]
]
trF
{
TA exp
[∫ tf
ti
d4x [Hint(x), ρ(ti)]
]})
. (20)
We exclude time-ordering of the electromagnetic field us-
ing Wick theorem [28]
4TA exp
[∫ tf
ti
d4x [Hint(x), ρ(t)]
]
=
exp
[
−1
2
∫ tf
ti
d4x
∫ tf
ti
d4x′[Aµ(x), Aν(x′)][jµ(x)jν(x′), ρ(ti)]Θ(t− t′)
]
exp
[∫ tf
ti
d4x[Hint(x), ρ(ti)]
]
. (21)
After inserting equation (21) into (20) we get
ρν(tf ) = T
j
(
exp
[∫ tf
ti
d4x[Hρ(x), ρ(ti)]− 1
2
∫ tf
ti
d4x
∫ tf
ti
d4x′Θ(t− t′)[Aµ(x), Aν(x′)][jµ(x)jν(x′), ρ(ti)]
]
×
× trf
{
exp
[∫ tf
ti
d4x[Hint(x), ρ(ti)]
]})
. (22)
Here Θ(t) is the Heaviside function. The last term in
equation (22) is responsible for the effect of quantum
decoherence. In order to calculate this term we will con-
sider the initial state of low entropy that is given by
ρ(ti) = ρν(ti)⊗ρf where ρf describes the radiation field.
Using the cumulant expansion for super operator (see
details in [19]) one can get
trf
{
exp
[∫ tf
ti
d4x[Hint(x), ρ(ti)]
]}
=
exp
[
1
2
∫ tf
ti
d4x
∫ tf
ti
d4x′{〈Aν(x′)Aµ(x)〉f jµ(x)jν(x′)ρν(ti) + 〈Aµ(x)Aν(x′)〉fρν(ti)jµ(x)jν(x′)
−〈Aν(x′)Aµ(x)〉f jµ(x)ρν(ti)jν(x′)− 〈Aµ(x)Aν(x′)〉f jν(x′)ρν(ti)jµ(x)}] . (23)
The angular brackets denote the average with respect to
the radiation field in a thermal equilibrium state at a
certain temperature Tγ :
〈O〉f = trf
(
O
1
Z
exp[−Hf/kBTγ ]
)
, (24)
whereHf represents the Hamiltonian of the free radiation
field. In equation(23) we used the fact that 〈Aµ〉f = 0
and that the initial state is Gaussian with regard to the
field variables. Inserting (23) into (22) after some algebra
gives
∂
∂t
ρ(t) = −i [Hν , ρ(t)]−
− i
2
∫
d3x
∫
d3x′
∫ tf
ti
dx′0D(x−x′)
[
~j(x), {~j(x′), ρ(t)}
]
−
−1
2
∫
d3x
∫
d3x′
∫ tf
ti
dx′0D1(x−x′)
[
~j(x),
[
~j(x′), ρ(t)
]]
,
(25)
where
D(x− x′)ij = i [Ai(x), Aj(x′)] , (26)
D1(x− x′)ij = 〈{Ai(x), Aj(x′)}〉f (27)
are Pauli-Jordan commutator function and anticommu-
tator function respectively.
5Equation(25) is modified under the assumptions of
Marcov and rotating wave approximations. The first ap-
proximation consists in the replacement
∫ t
ti
dx′0 →
∫ t
−∞
dx′0 =
∫ ∞
0
dτ. (28)
The rotating wave approximation is equivalent to an av-
eraging procedure over the rapidly oscillating terms.
In the second-order approximation we get the quantum
optical master equation for the neutrino case, which is
analogous to one for the case of electrons [19],
∂
∂t
ρν(t) = −i [Hν , ρν(t)]− i [HS , ρν(t)] +D[ρν(t)]. (29)
The Hamiltonian HS leads to a renormalization of the
system Hamiltonian Hν which is induced by the vacuum
fluctuations of the radiation field and by thermally in-
duced processes. Our goal is to find the dissipative terms,
thus we omit the renormalization part HS in the follow-
ing derivations. In (29) D(ρν(t)) is a dissipator of the
equation which can be expressed in the following form
(see [19])
D[ρν(t)] =
∆ij
4pi2
(f(2∆ij) + 1)
(
j−ρν(t)j+ − 1
2
j+j−ρν(t)− 1
2
ρν(t)j+j−
)
+
+
∆ij
4pi2
f(2∆ij)
(
j+ρν(t)j− − 1
2
j−j+ρν(t)− 1
2
ρν(t)j−j+
)
, (30)
where ∆ij is the energy difference between two neutrino
mass states νi and νj , and f(E) denotes the Planck dis-
tribution
f(E) =
1
eE/kTγ − 1 , (31)
where Tγ is the temperature of the external photons.
The first term in equation (30) is responsible for the
spontaneous and the thermally induced emission process
and the second one is responsible for the thermally in-
duced absorption process.
In the medium, it is necessary to define new neutrino
effective mass states ν˜ and the effective mixing angle θ˜.
In this new basis the neutrino evolution Hamiltonian is
diagonal (see, for example [27] and [33]) and the energy
difference between two neutrino states is expressed as
∆ij =
√
(∆mij cos 2θij −A)2 + ∆m2ij sin2 2θij
2E
, (32)
where the effective mixing angle is given by
sin2 2θ˜ij =
∆m2ij sin
2 2θij
(∆mij cos 2θij −A)2 + ∆m2ij sin2 2θij
, (33)
where E is the neutrino energy and A is the matter po-
tential. For active-active neutrino oscillations the matter
potential is
A = 2
√
2GFneE, (34)
and for the case of active-sterile neutrino oscillations is
A =
3
√
2
2
GFnb(Ye − 1
3
), (35)
where nb is the baryon number density and Ye is electron
fraction.
Putting everything together we get the final expression
for neutrino evolution in the effective mass basis
∂
∂t
ρν˜(t) = −i [Hν˜ , ρν˜(t)] +
+ κ1
(
σ−ρν˜(t)σ+ − 1
2
σ+σ−ρν˜(t)− 1
2
ρν˜(t)σ+σ−
)
+
+ κ2
(
σ+ρν˜(t)σ− − 1
2
σ−σ+ρν˜(t)− 1
2
ρν˜(t)σ−σ+
)
,
(36)
where the Hamiltonian Hν˜ = diag(E˜1, E˜2) and
κ1 =
∆ij
pi2
sin2 2θ˜ijτ
2(f(2∆ij) + 1), (37)
κ2 =
∆ij
pi2
sin2 2θ˜ijτ
2f(2∆ij) (38)
are the parameters that describe decoherence of the neu-
trino system. For an extreme external environment
f(2∆)  1, thus one can use κ1 ≈ κ2 = κ. Equation
6(36) has the form of Lindblad equation (3) where deco-
herence and relaxation parameters are expressed as
Γ1 =
κ
2
, Γ2 = κ. (39)
The decoherence Γ1 and relaxation Γ2 parameters de-
pend on sin2 2θ˜ that means that the parameters undergo
the MSW effect.
It is useful to compare the expression for the deco-
herence and relaxation parameters with the rate of the
neutrino radiative decay derived in [20] (see also [29]). In
our case of the transitions between the stationary states
we use the results of [20] and [29] with the substitution
∆mij
4E
→ ∆ij and sin2 2θij → sin2 2θ˜ij and get the fol-
lowing expression for the neutrino radiative decay rate in
matter
Γr =
∆ij√
2
sin2 2θ˜ijτ
2f(2∆ij), (40)
that coincides with decoherence parameter (39) up to a
constant. This is because the neutrino quantum deco-
herence appears due to radiative decay. Therefore, the
neutrino quantum decoherence in our consideration can
serve as one of possible indications in favour for the neu-
trino radiative decay.
The solution of equation (36) is given by
ρν˜ =
1
2
(
1 + cos 2θ˜ije
−κt sin2 2˜θijei2∆ijte−κt/2
sin2 2˜θije
−i2∆ijte−κt/2 1− cos 2θ˜ije−κt
)
.
(41)
From (41) we obtain the probability of the neutrino
flavour oscillations νe ↔ νx (where νx can be active νµ,τ
or sterile νs neutrinos)
Pνe→νx = sin
2 2θ˜ij sin
2 (∆ijx) e
−κx/2+
+
1
2
(
1− sin2 2θ˜ije−κx/2 − cos2 2θ˜ije−κx
)
. (42)
Here we consider the ultrarelativistic neutrinos and made
the substitution t→ x.
Nondiagonal elements of the density matrix ρν˜ are
responsible for the coherence between the neutrino
states ν˜1 and ν˜2. From (41) it follows that nondiagonal
elements are decreasing with the rate κ/2 that leads
to damping of the amplitude of neutrino oscillations
with the same rate. The diagonal elements ρ11 and ρ22
denote probabilities to find ν˜1 and ν˜2, respectively. In
the limit t → ∞ the neutrino system tends to the ther-
mal equilibrium which gives the oscillation probability
Pνe→νx → 12 .
Obviously, the possibility for the direct detection of
the neutrino radiative decay seems to be shadowed due
to high luminosity of the astrophysical external environ-
ment (in the terrestrial conditions the decay is highly sup-
pressed). However, we have shown that the radiative de-
cay can also influence the neutrino oscillations probabil-
ity and therefore can modify the neutrino spectrum. This
influence can be detected or constrained in the present
and future neutrino experiments that will give informa-
tion about the neutrino radiative decay. Since there are
still uncertainties in the neutrino characteristics (e.g., in
the value of the neutrino magnetic moment) and there
are theories that predict neutrino non-standard interac-
tion the information on the neutrino radiative decay can
provide us new constrains on physics beyond the Stan-
dard Model. As an example, in the next section we con-
sider the influence of the massless dark photons on the
neutrino quantum decoherence.
It should be noted that formula (42) is valid for the
neutrino evolution in a constant or an adiabatically
changing density of the environment. The case of nona-
diabatic neutrino oscillations needs to be treated sepa-
rately. In addition, in certain astrophysical environments
(e.g., supernovae bursts) one should also take into ac-
count the collective neutrino oscillations.
III. NEUTRINO QUANTUM DECOHERENCE
ENGENDERED BY NEUTRINO RADIATIVE
DECAY TO A DARK PHOTON
The quantum decoherence can also be a result of possi-
ble interaction between neutrino and dark matter. Here
below we generalize the developed above approach to de-
scribe the effect of the quantum decoherence engendered
by the neutrino radiative decay to a massless dark pho-
ton. The massless dark photon is a boson field of a new
gauge symmetry U(1)X [30–32]. This boson does not in-
teract directly with ordinary matter, but there is a mix-
ing between dark photons and photons of the standard
model. This can induce interactions between dark pho-
tons and the SM particles. Since the new gauge boson
field X is similar to the gauge boson field in the standard
model, the vertex of the neutrino radiative decay can be
written in the same way as it is in (10)
ΓXα = U
∗
eiUejτ
X
αβγ
αL, (43)
where for the massless dark photons
τXαβ = τXPαβ = −
σcW√
1− σ2c2W
eGFT
2
2
√
2
Pαβ , (44)
and cW = cos ΘW is the cosine of the weak mixing an-
gle, σ characterises the mixing between dark photons and
photons of the standard model. Here we consider only
the case of the extreme relativistic electrons. Then the
neutrino decoherence parameter in case the neutrino ra-
diative decay to a dark photon can be written as
7κX =
∆ij
pi2
sin2 2θ˜ijτXfX(2∆ij), (45)
where
fX(E) =
1
eE/kTX − 1 (46)
is the Planck distribution for dark photons which tem-
perature is TX . Thus, the neutrino oscillation probability
(42) can be modified by the neutrino interactions with
dark photons via the effect of the quantum decoherence
characterized by (45).
IV. QUANTUM DECOHERENCE IN
ASTROPHYSICAL MEDIA
Most readily the effect of the quantum decoherence
in neutrino oscillations can manifest itself in extreme as-
trophysical environments with extremely relativistic elec-
trons characterized by high temperatures. In this case
the neutrino electromagnetic interactions with photons
is given by (10) and (13). The decoherence and relax-
ation parameters and the corresponding effect of quan-
tum decoherence depend significantly upon the electron
temperature T . Sufficiently high temperatures arise dur-
ing supernovae bursts, where the electron and photon
temperatures can reach values up to 30 MeV and 100
MeV, respectively [34]. Therefore, we consider the pro-
posed mechanism of quantum decoherence in supernovae
(SN) environments.
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FIG. 2.
The energy dependence of the neutrino decoherence
parameter Γ1 (39) in case of active-sterile neutrino
oscillations νe ↔ νs in a supernova invironment.
From equations (37), (38) and (33) one can see that
the effect of the quantum decoherence undergoes the res-
onance similar to the MSW effect. Therefore, the ef-
fect of neutrino quantum decoherence is maximal in the
resonance regions where sin2(2θ˜ij) = 1. For the active-
sterile neutrino oscillations νe ↔ νs the MSW effect oc-
curs much closer to the center of the SN explosion [35, 36]
where highest temperatures are expected. For this case
the maximal value of the decoherence parameter is of or-
der Γ1 ∼ 10−21 GeV at the resonance region (see Fig.2).
In case of active-active neutrino oscillations νe ↔ ντ the
parameter is significantly smaller (of order of Γ1 ∼ 10−31)
GeV.
V. CONCLUSION
A new theoretical framework, based on the quantum
field theory of open systems applied to neutrinos, has
been developed to describe the neutrino evolution in ex-
ternal environments accounting for the effect of the neu-
trino quantum decoherence.
We have used this approach to consider a new mech-
anism of the neutrino quantum decoherence engendered
by the neutrino radiative decay to photons and dark pho-
tons in the thermal background of electrons. We have
obtained the explicit expressions of the decoherence and
relaxation parameters as functions of the characteristics
of an external environment and also of the neutrino en-
ergy and calculated the corresponding neutrino oscilla-
tion probabilities Pνe→νx . Note that the influence of
the neutrino radiative decay, as well as the neutrino in-
teraction with dark photons, on the neutrino oscillation
phenomenon and the corresponding contributions to the
neutrino quantum decoherence are considered for the first
time.
An estimation of the effect of the neutrino quantum
decoherence has been given for a particular case of a
supernova explosion. The obtained values of the deco-
herence parameter for neutrino active-sterile oscillations
νe ↔ νs are of order of Γ1 ∼ 10−21 GeV and Γ1 ∼ 10−31
GeV for neutrino active-active oscillations νe ↔ ντ . To
estimate the scale of the obtained values, we compare our
results, derived for the dense astrophysical environment,
with those for different environments known in literature:
Γ1 ∼ 10−24 GeV from the reactor neutrino fluxes [16] and
Γ1 ∼ 10−28 GeV from the solar neutrino fluxes [37].
The developed theoretical framework provides a gen-
eral basis for the detailed description of the neutrino
quantum decoherence due to different neutrino interac-
tions with external environments. The importance of this
approach is highlighted by the prospects of the forthcom-
ing new large volume neutrino detectors (such as, for in-
stance, JUNO, DUNE and Hyper-Kamiokande) that will
provide new frontier in high-statistics measurements of
neutrino fluxes from supernovae.
The studies and presented results of this paper are also
important due to the fact that nonstandard neutrino in-
teractions are also one of the possible sources of the neu-
trino quantum decoherence. Therefore, implementation
of the developed theoretical framework for description of
the neutrino quantum decoherence to analysis of the as-
trophysical and terrestrial neutrino fluxes can open a new
window to check physics beyond the standard model.
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